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PROCESS FOR PRODUCTION OF SODIUM BOROHYDRIDE FROM 
SODIUM ALUMINUM HYDRIDE WITH RECYCLE OF BYPRODUCTS 

Background 

This invention relates generally to a process for production of sodium 
boro hydride from sodium aluminum hydride with recycle of byproducts to 
5 improve the overall economics of the process. 

Production of sodium borohydride from the reaction of sodium aluminum 
hydride with a trialkyl borate is disclosed in JP03-275502. This reference 
suggests that the alkoxy aluminum byproduct could be used by converting it to 
alumina. However, alumina has relatively low commercial value. 
10 The problem addressed by this invention is to find an efficient and 

economical process for production of sodium borohydride from sodium aluminum 
hydride that extracts additional value from the byproducts. 

Statement of Invention 

15 The present invention is directed to a process for production of sodium 

borohydride. The process comprises the steps of (a) combining a boric acid 
ester, B(OR)3 and sodium aluminum hydride to produce sodium borohydride and 
Al(OR) 3 ; and (b) combining Al(OR) 3 and sulfuric acid to produce alum and ROH; 
wherein R represents alkyl, aryl or aralkyl. 

20 In a preferred embodiment of the invention, the process further comprises 

steps of (a) combining a boric acid ester precursor and an aliphatic or aromatic 
alcohol, ROH, to produce a boric acid ester, B(OR>3i and (b) combining sodium, 
aluminum and hydrogen to produce sodium aluminum hydride. 

25 Detailed Description 

All percentages are weight percentages based on the entire composition 
described, unless specified otherwise. An "alkyl" group is a hydrocarbyl group 
having from one to twenty carbon atoms in a linear, branched or cyclic 
arrangement, and having from 0 to 2 oxygen, nitrogen or sulfur atoms. Alkyl 

30 groups may contain 0 to 2 carbon-carbon double bonds. Substitution on alkyl 
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groups of one or more alkoxy groups is permitted. In one preferred embodiment, 
alkyl groups contain from one to twelve carbon atoms and from 0 to 1 oxygen, 
nitrogen or sulfur atoms. In another preferred embodiment, alkyl groups contain 
no carbon-carbon double bonds, and more preferably, no heteroatoms; and most 
5 preferably alkyl groups are unsubstituted and contain only carbon and hydrogen. 
An "aryl" group is a substituent derived from a carbocyclic aromatic compound. 
An aryl group has a total of from five to twenty ring atoms, and has one or more 
rings which are separate or fused. Substitution on aryl groups of one or more 
alkyl, alkenyl or alkoxy groups is permitted. An "aralkyl" group is an "alkyl" 

10 group substituted by an "aryl" group. In one preferred embodiment, aryl groups 
have from six to fifteen ring atoms and contain only carbon and hydrogen. 

A "boric acid ester precursor" is a boron-containing compound which can 
be converted into a boric acid ester, B(OR>3. Preferably, a boric acid ester 
precursor is an acid or salt containing a BO3 3 , B4O7' 2 or BO2" 1 group. Examples 

15 of the conversion of a boric acid ester precursor to a boric acid ester, B(OR)3, 
include but are not limited to the following examples- 

H3BO3 + 3ROH -» B(OR) 3 + 3H 2 0 
Na 2 B 4 0 7 + 12ROH -> 4B(OR) 3 + 2NaOH + 5H 2 0 

20 

Preferably, the alcohol, ROH, is an aliphatic or aromatic alcohol, i.e., R 
represents an alkyl or aryl group. 

Sodium aluminum hydride is produced from its constituent elements at 
high temperatures according to the following equation. 

25 

Na + Al + 2H 2 -> NaAlH 4 



For example, U.S. Pat. No. 4,081,524 discloses preparation of sodium aluminum 
hydride in hydrocarbon solvents at 160°C and a pressure of 5000 psi (34,000 
30 kPa). Preferably, the reaction is carried out in a solvent consisting essentially of 
at least one hydrocarbon solvent. Preferred solvents include aromatic 
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hydrocarbon solvents, aliphatic ether solvents, and mixtures thereof. Preferred 
aromatic hydrocarbon solvents are those in which benzene is substituted by at 
least one alkyl group, most preferably toluene, xylenes, ethylbenzene, cumene or 
mesitylene. 

5 The boric acid ester and the sodium aluminum hydride react to form 

sodium borohydride according to the following equation. 

NaAlH 4 + B(OR) 3 -» NaBH 4 + Al(OR) 3 

10 Preferably, the sodium borohydride and the aluminum product are separated by 
dissolving the aluminum product in a suitable solvent in which the sodium 
borohydride is substantially insoluble. Preferably the solvent is a hydrocarbon 
solvent. Preferably R is alkyl having at least three carbon atoms, aryl or aralkyl; 
more preferably R is alkyl having at least four carbon atoms, phenyl, substituted 

15 phenyl or benzyl; most preferably R is alkyl having at least six carbon atoms or 
phenyl. 

The aluminum product is treated with sulfuric acid to produce alum, i.e., 
Al2(S04)3, and an alcohol, ROH, as shown in the following equation. 

20 2Al(OR) 3 + 3 H2SO4 -> A1 2 (S0 4 )3 + 6ROH 

The alcohol preferably is recycled to the first step of the process to form B(OR>3. 
The alum is a useful product having greater commercial value than alumina; 
preferably it is sold to increase the overall economic efficiency of the process. 
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